Abstract--Clay minerals were used as indicators for determining the source of sediment in recently dredged harbors along the north shore of Long Island Sound. Amount and characteristics of clay minerals in sediments from the dredged channels were compared to their amount and characteristics in the surrounding soils and in sediments from Long Island Sound. Clay minerals in sediments from the channels were similar in amount and characteristics to clay minerals in sediments from Long Island Sound but differed from those in the surrounding soils in the watershed. Thus, the main source of deposits in the channels is the bottom sediment of Long Island Sound which is transported to the channels by tidal action. These conclusions are supported by recent studies of the bottom currents in the Sound.
INTRODUCTION
Harbors along the north shore of Long Island Sound are dredged frequently to maintain navigable depths for commercial and recreational vessels. Historically, the dredged sediments have been disposed of offshore in "dumping grounds." Recent environmental restrictions have, however, severely limited this practice. Knowledge of the source and characteristics of these sediments is essential for their future disposal, whether in the ocean or on the land, in ways that are compatible with maintaining environmental standards.
This investigation was undertaken to determine the source of sediments in recently dredged channels in three Connecticut harbors. Amount and characteristics of clay minerals in sediments from the dredged channels in the harbors were examined and compared to the clay minerals in the surrounding soils and in the sediments from Long Island Sound to determine if the sediments in the channels originate from soil runoff, riverbank erosion or from the bottom sediments of Long Island Sound. Close relationships between the clay mineralogy of the sediments transported by the rivers and the marine sediments at the mouth of the rivers have been observed in several studies (Griffin, 1962; Biscaye, 1965; Neiheisel and Weaver, 1967) . Mineralogy of the fine-grained material in the sediment has also been used to obtain information on the nature of the sedimentary environment (Brown et al., 1977) and on the effects of diagenetic processes on mineralogy (Hower et al., 1976) . Here, mineralogy of the clays in recent sediments, presumably unaffected by different environmental conditions, is used to gain information on their source.
MATERIALS AND METHODS
Sediments at a number of locations from recently dredged channels in the Branford, East and Norwalk Rivers, from Long Island Sound and from freshwater impoundments (unaffected by tidal action) on the rivers were obtained using an Eckman dredge. Samples of rivCopyright 9 1978, The Clay Minerals Society erbanks and the upland soils were obtained using a soil bucket auger. Sediment and soil samples were separated into different size fractions by sedimentation or centrifugation and decantation procedures. Identification of clay minerals was carried out by commonly used X-ray powder diffraction methods, using parallel-oriented specimens saturated either with Mg or K. In addition, Mg-saturated samples were solvated with glycerol and K-saturated samples were heated at different temperatures before diffraction analysis. Relative amounts of different minerals were estimated from the ratios of their diagnostic diffraction peaks.
RESULTS AND DISCUSSION Thus, these data show that the primary source of the sediments in dredged channels in the tidal estuaries is sediment transported by tidal currents from Long Island Sound and not by runoff from upland soils or from riverbank erosion. The data also demonstrate the usefulness of clay minerals as indices for understanding sedimentation processes.
These conclusions concerning the transport of Long Island Sound sediment into the dredged channels are further supported by recent studies of the bottom currents in the Sound (Gordon et al., 1972; Gordon and Pilbeam, 1975) . Their observations show that an anticlockwise rotary tidal current is found at depths greater than 10 m at all stations examined. The largest component of this tidal current is in the east-west direction, with an average north-south component whose velocity is about 15% of that in the east-west direction. In the vicinity of New Haven Harbor on the North Shore, the north-south or onshore component is larger as shown in Figure 2 (reproduced from Gordon et al., 1972) . Seabed drifters placed in the near-bottom waters of Long Island Sound by Gross and Bumpus (1972) show a similar pattern of westward drift with a northerly component near the Connecticut shore. Thus, sediment in Long Island Sound apparently is moved onshore by these tidal currents and deposited in the harbors and estuaries along the North Shore in a manner similar to that described by van Straaten and Kuenen (1958) for shallow protected basins in the North Sea.
The results of this investigation show that the relative amount and characteristics of the clay minerals in recent sediments in dredged channels along the north shore of Long Island Sound are similar to their amount and characteristics in the sediment from Long Island Sound. They differ from the amount and characteristics of clay minerals in the surrounding soils. It is thus concluded that the primary source of sediment in the dredged channels is the bottom sediment of Long Island Sound that is transported to the harbors by tidal action, These conclusions are supported by studies of the bottom currents in the Sound.
